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K.[Sn(NCS).l and K.[Ti(NCS).] have been prepared by the reaction of Sn(IV) or Ti(IV) chloride
with KSCN in a closed system. Their Co(II), Zn(II) and H~(II) derivatives have been obtained by
metathesis between Ks[Sn(NCS)61 and M'CI. [M'=Co(II), Zn(U) or Hg(II)]. The complexes of
the type [M'L.nSn(NCS).l where L=dimethylselenourea or pyridine have also been synthesized
by direct reaction of the Ugands (L) with M' derivatives. The complexes have been assigned
structures on the basis of IR, electronic spectra, molar conductance and magnetic moment studies.
The results of these studies indicate that [M'L.nSn(NCS).J complexes are of cationic-anionic type
and M' derivatives and .dlmethyturea complexes are bridged.
STUDIES on hexathiocyanates and hexa-selenocyanates of metal ions with configura-tions dO and d1 are very few1-7. We present
here the results of our studies on hexathiocyanates
of Sn(IV) and Ti(IV) and their complexes with
dimethylselenourea and pyridine.
Materials and Methods
Reagent grade Sn(IV) and Ti(IV) chlorides were
purified by known methodss-", KSCN (BDH, AR)
and anhydrous Co(II) • Zn(II) and Hg(II) chlorides
(Alfa Inorganics) were used after drying in vacuo
for 24 hr. Samples of dimethylselenourea (DMSeU)
(Strem Chemicals) and dimethylurea (DMU) (Aldrich
Chemicals) were used as such. Reagent grade
solvents and pyridine (py) were purified and dried.
All the experiments were carried out in strictly
dry and inert atmosphere.
Preparation of the complexes: K2[Sn(NCS)6] and
K2[Ti(NCS)6J- The preparations were carried out
using the apparatus shown in Fig. 1. The whole
c
Fig. 1 - Apparatus for the preparation of complexes
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apparatus was placed in a dry box and flushed
with nitrogen. Dry CHsCN (50 ml). tin (IV) chloride
(2'6 g) and KSCN (5·82 g) were placed in flask-B.
The reactants were stirred for 6 hr using a teflon
coated stirrer-M. The apparatus was brought out
of the dry box and inverted. Stop cock-C was
connected to a vacuum pump when quick filtration
through the sintered disc-D took place. The filtrate
containing K2[Sn(NCS)6J came down to flask-A and
the residue KCI remained on the disc-D. The solvent
was then distilled out through stop cock-C and the
compound isolated and recrystallized from CH3CN.
K2[Ti(NCS)eJ was prepared similarly.
(NCS)2Co(SCN)2Ti(NCS)2 and (NCShM'(SCNk
Sn(NCS)2 [M'= Co(II), Zn(II) or Hg(II)] - These
were prepared by metathesis between K2[M(NCS}J
and the respective M' chloride in CHsCN.K2[Sn-
(NCS)6J and M'Cl2 were placed (in 1: 1 molar ratio)
in flask-B and 50 ml of CH3CN was directly distilled
into it. The system was degassed and all the stop
cocks dosed. The reaction mixture was stirred
for 6 hr, filtered and complexes obtained by the
process indicated above.
[Co(DMSeU),][M(NCS)6J, [M'(PY}4J[Sn(NCS)6J
and (NCS)2 CO(SCN}2 Ti(DMU)2 (NCS)2 [M =Sn(IV)
or Ti(IV) and M'= Co(II), Zn(II) or Hg(II)J-- To
the CHsCN solution of the M' derivative (2 mmoles),
8 mmoles of the ligand in CH3CN was added, and
contents stirred for 6 hr at room temperature in
flask- B. The flask was then inverted for filtration.
The residue was rejected. From the filtrate the
complexes were isolated after concentration in
oacuo, Subsequent addition of dry ether yielded
the complex. In the case of DMSeU complexes,
a solid mass was obtained immediately after the
addition of the ligand solution to the solution of
cobalt derivative'.
Analysis - Sulphur was estimated as sulphate.
tin and titanium as oxides. cobalt and zinc as
anthranilates, mercury as sulphide and nitrogen
by Kjeldahl's method. Analytical data are given
in Table 1.
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Complexes Colour
TABLE 1 - ANALYTICAL AND CONDUCTANCE DATA OF THE COMPLEXES
Analytical data, Found (Calc.), % Molar
con-
ductance
(em1ohm-1
mole-I)
(conc.,
M/I02
123-4
74-6
69-4
72-8
SO'6
62·3
69·9
6S'7
63-2
75·7
Metal (M') Metal(M) Sulphur Nitrogen
K.Sn(NCS)& White 168 21·2 34·9 15'5
(21,7) (35'2) (15,7)
(NCS)zCo(SCN).Sn(NCS)2 Green 178(d) 10'9 22'2 36-1 15·9
(11'2) (22,6) (36·5) (16,0)
(NCShCo(SCNh Ti(NCS)! do 224(d) 12·7 10·1 41·7 18·1
(13·0) (10'6) (42,2) (18-4)
(NCS)2Zn(SCN)2Sn(NCS). White 192(d) 11·9 21'S 35'S 15·6
(12'3) (22'3) (36'1) (15'S)
(NCS).Hg(SCN).Sn(NCS). do 196 29'S 17·4 28'4 12'5
(30'1) (17-8) (2S'7) (12'6)
[Co(DMSeU)4] [Sn(NCS)&] Blue 137 4·9 10·1 16·7 17·2
(5'2) (10'5) (17'0) (17-4)
[Co(DMSeU)4][Ti(NCS)s) do 144(d) 5·3 4·3 17·8 lS'2
(5'7) (4'5) (lS'l) (lS'5)
[Zn(PY)41[Sn(NCS)s] 'Vhite 162 7·3 13-6 22·3 16·3
(707) (14'0) (22-6) (16'5)
[Hg(PY)4][Sn (NCS)s] do 157 20·1 11-6 19·3 14·0
(20,4) (12'0) (19'5) (14'2)
(NCShCo(SCN)2 Ti(DMU)2 (NCS)2 Blue 212(d) 9·0 7·2 30·1 21·9
(9'3) (7'6) (3lH) (22'2)
M'=Co(II). Zn(II), Hg(II) and M=Sn(IV), Ti(IV); d=deeomposes.
The IR spectra of the complexes were recorded
in the range 4000-200 orrr? (nujol) using a Perkin-
Elmer spectrophotometer model 621 or 457. Elec-
tronic spectra were recorded on a Cary-14 spectro-
photometer between 1700 and 300 nm in nujol or
in methanol, ethanol or acetone solutions. Molar
conductance values (Table 1) were determined in
ethanol with the help of a Philips conductivity
bridge model PR 9500. The depolarized Raman
spectrum of K2[Sn(NCS)6] was obtained on a Cary-Sl
Raman spectrophotometer.
Results and Discussion
K2[Sn(NCS)6]- The molar conductance value of
K2[Sn(NCS)6] indicates that it is a 2: 1 electrolyte.
The IR spectra show the presence of "C-N, "C-S
and i>NCS bands in the regions expected for N-bond-
ed thiocyanate-? (Table 2). The vC-N, vC-S and
i>NCS bands in the Raman spectrum are also in the
range expected for N-bonded thiocyanate-", Assuming
an 010 symmetry for the anion, [Sn(NCS)6]2-, we
have calculated the number of normal modes with
species which compare well with the positions of
observed bands supporting the proposed structure.
(NCS)2M'(SCN)2M(NCS)2 [M'= Co(II), Zn(II)
or Hg(II); M = Sn(IV:) or Ti(IV)]- The number
and positions of "C-N, vC-S and i>NCS bands
in IR spectra* indicate the presence of both,
bridging and terminal, types of thiocyanates in
these complexes'P-P. The complexes are soluble
in ethanol and CH3CN and melt or decompose
around 200°. The electronic spectra (nujol) indi-
cate the presence of two intense bands in the ranges
7200-7300 and 16130-16300 cm-l due to "s["A2-+
T}g (P)] and vs[4A2-+"Tlg (F)] transitions (Table 3).
The positions of these bands and magnetic data
*Detailed IR data are available with the authors.
r;.JCS
NCS"" /SCN",,1/NCS
NC/~SCN/J\NCS
NCS
(1)
show that Co(Il) is in tetrahedral geometry in
these complexes. On the basis of these results
we can propose structure (I) for these complexes.
Assuming C2~ symmetry for the complex we
have calculated the nu.mber of normal modes with
species. The results agree well with the number
and positions of the observed bands thus supporting
the above structure. However, the behaviour of
these complexes in solution indicates a different
structure. The positions of vC-N, "C-S and
8NCS bands indicate the presence of N-bonded
thiocyanate. The molar conductance values in
ethanol show the complexes to be 1: 1 electrolytes.
The electronic spectral bands of Co(Il) derivatives,
however, still indicate a tetrahedral environment.
In solution, the thiocyanate bridge probably breaks
and cationic-anionic complexes are formed where
the cation is of the type [M'(solvent),,]2+ and the
anion of [M(NCS),]2-. On account of such a type
of solvolysis, we could not determine molecular
weights by cryoscopic methods.
[Co(DMSeU),,] [M(NCS),] and [M'(PY)4] [Sn(NCS)8J
[M=Sn(IV') or Ti(IV); M'=Co~II), Zn(II) or
Hg(II)]- All these complexes behave as 1: 1
electrolytes in ethanol. The positions of "C-N.
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DMU
end of the DMSeU, hence it will prefer Sn(IV) for
coordination according to the hard and soft acid-
base theory-". We have assumed a Td point group
for the cation and Oh for the anion, and have cal-
culated the number of normal modes along with
species. The results are in agreement with the
observed band positions thus supporting the pro-
posed structure. Pyridine shows features of co-
ordination through its ring nitrogen-s. In the case
of DMSeU complexes, the amino nitrogen is the
coordination centre, because a negative shift of
the order of 213-222 cm! is observed in vN-H
on coordination.
(NCS2)Co(SCN)2Ti(DMU)2(NCS)2- The positions
of vC-N, vC-Sand oCNCS bands in the IRspectrum
of this complex indicate the presence of both, terminal
and bridging, thiocyanate groupslO-12. The elec-
tronic spectral band positions (Table 3) and magnetic
moment values suggest a tetrahedral configuration
for cobalt. This complex is soluble in polar organic
solvents and decomposes at 212°. The IR spectrum
DMU
(II)
vC-S and oNCS bands in IR spectra are indicative
of the presence of N-bonded thiocyanate'". The
electronic spectrum of [Co(DMSeU)4J[M(NCS)6Jshows
the presence of bands in the regions 7700-7900 and
16000 em? due to V2[4A2-+'T Ig (P)J and va[4A2-+
'Tlg(F)J transitions in a Td symmetry. Magnetic
data also support a tetrahedral configuration for
cobalt. The nitrogen end of the thiocyanate ion
(NCS-) is more electronegative than the nitrogen
TABLE2 - IR SPECTRAOFTHECOMPLEXES
C20 Schematic description Assignments (NCS)1 (NCSh (NCS)z (NCSh (NCSh
species Co(SCNla CO(SCN)2 Zn(SCNls Hg(SCN)! Co(SCN).
Sn(NCS)1 Ti(NCSla Sn(NCS)s Sn(NCS)s Ti(DMU)!
(NCS)z
Al+Ba NCS pseudo antisym. stretch CoN stretch 2050 (m) 2080 (sh) 2080 (s) 2072 (sh) 2060 (s)
Al+Ba do do - 2096 (sh) 2096 (sh) 2090 (sh) 2080 (sh)
Al+Bl do do 2148 (s) 2142 (s) 2158 (s) 2112 (s) 2138 (s)
Al+B. NCS pseudo sym. stretch C-S stretch 770 (m) 770 (m) 786 (m) 850 (m) 805 (s)
Al+B. do do 720 (s) 720 (s) 722 (s) 720 (s), 718 (s)
712 (s)
Al+Bl do do 736 (sh) 738 (sh) 736 (sh) 740 (sh) 758 (s)
Al+B. M' oS, stretch M' -S stretch 274 (sh) 269 (sh) 280 (s)
Al+Bl do do 286 (sh) 282 (sh) 282 (sh)
Al+B! M-N, stretch M-N stretch 300 (s) 300 (s) 296 (s)
Al+Bl M-N, stretchjld-L, stretch M-N or M-L 310 (sh) 310 (sh) 310 (sh)
(only in DMU complex) stretch
Al+B. M-NCS deformation* NCS bend 464 (s) 462 (s) 475 (m) 452 (m) 482 (m)
Al+Bl M-NCS deformation* do 476 (sh) 488 (sh) 464 (s)
or or
2Al+2Bl L-M-N deformation (only in L-M-N bend 270 (s)h
+2B. DMU complex)
Al+B. M'-SCN deformation* NCS bend 432 (sh) 425 (w) 426 (w) 435 (s)
Al+Bl do do 442 (sh) 449 (s) -
Al+B. M'-NCS deformationt M'-NCS bend 340 (sh) 398 (w) 390 (5)
Al+B. M'-SCN deformationt M'-SCN bend 326 (s) 375 (w)
Al+Bl M-NCS deformation] M-NCS bend 420 (sh) 420 (w) 420 (s)
Al M'-S, deformation
A1+Bl do
+B,
Al M-N, deformation
Al+Bl do
+B.
. t t . t t*M-NCS deformation M-N-C-S. tM-NCS deformation M-N-C-s .
.} .} .} .}
TABLE 3 - ELECTRONICSPECTRAL BAND ASSIGNMENTS,SPECTRAL PARAMETERSAND MAGNETICMOMENTVALUES
OF COMPLEXES
Complexes Va V3 10Dq B' ~ (Leff
(BM)
(NCS)ICO(SCN)!Sn(NCS). 7300 16300 4250 723 0·69 4·5
(NCS),Co(SCN),Ti(NCS), 7200 16130 4180 719 0'68 4'5
[Co(DMSeU),] [Sn(NCS)e] 7870 16000 4500 680 0'64 4·4
[Co(DMSe U).] [Ti(NCS)e] 7700 16000 4510 678 0·64 4·4
(NCS).Co(SCN)zTi(DMU)s(NCS). 7460 16130 4350 702 0·66 4·4
690
SINGH & GUPTA: COMPLEXES OF HEXAISOTHIOCYANATO-STANNATE(IV) & -TITANATE(IV)
of DMU shows a negative shift in carbonyl stretching
frequency on complex formation indicating that
the carbonyl oxygen is the donor site. Since
oxygen is strongly electronegative, it will coordinate
to Ti(IV) in preference to Co(II). On the basis of
these results we suggest structure (II) for the complex.
IR spectrum of the complex in CH3CN shows
the presence of N-bonded thiocyanate only indicating
that the thiocyanate bridging is ruptured in solution
and the complex perhaps acquires a cationic-anionic
structure of the type [Co(NCS)4J2-[Ti(NCS)2(solventjj,
(DMU)2J2+.
(NCS)2M'(SCN)2Sn(NCS)2 and (NCS)2CO(SCN)2_
Ti(NCS)2 have bridging type of thiocyanates. The
thiocyanate bridge is considerablv weak and breaks
in solution unlike the other "hexathiocyanates15
which are polymeric and have stable thiocyanate
bridging. It is difficult to make distinction between
a hexathiocyanato and a tetrathiocyanato complex
by IR spectra because the symmetry species of all
the fundamental modes are identical in both the
cases. Raman spectra can be useful in distinguish-
ing a tetrathiocyanate from a hexathiocyanate,
because the symmetry species of fundamental modes
are different in the two cases.
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